The development and validation of two complementary measures of drivers' hazard perception ability by Wetton, Mark et al.
This is the author’s version of a work that was submitted/accepted for pub-
lication in the following source:
Wetton, Mark, Horswill, Mark, Hatherly, Christopher, Wood, Joanne M.,
Pachana, Nancy A., & Anstey, Kaarin J. (2010) The development and vali-
dation of two complementary measures of drivers’ hazard perception abil-
ity. Accident Analysis and Prevention, 42(4), pp. 1232-1239.
This file was downloaded from: http://eprints.qut.edu.au/39380/
Notice: Changes introduced as a result of publishing processes such as
copy-editing and formatting may not be reflected in this document. For a
definitive version of this work, please refer to the published source:
http://dx.doi.org/10.1016/j.aap.2010.01.017
Validation of complementary hazard perception measures       1 
 
Running head:  Validation of complementary hazard perception measures. 
 
 
The development and validation of two complementary measures of drivers’ hazard 
perception ability 
 
Mark A.Wetton
1
, Mark S. Horswill
1
, Chris Hatherly
2
, Joanne M. Wood
3
, Nancy A. Pachana
1
, 
Kaarin J. Anstey
2 
 
1
University of Queensland 
2
Australian National University 
3
Queensland University of Technology 
 
Corresponding author: 
Mark Wetton 
School of Psychology 
The University of Queensland 
St Lucia, QLD 4072 
Australia 
Email: m.wetton@psy.uq.edu.au 
Phone: +61 7 334 67285 
Validation of complementary hazard perception measures       2 
 
Abstract 
 Hazard perception in driving involves a number of different processes. This paper 
reports the development of two measures designed to separate these processes. A Hazard 
Perception Test was developed to measure how quickly drivers could anticipate hazards 
overall, incorporating detection, trajectory, and hazard classification judgements. A Hazard 
Change Detection Task was developed to measure how fast drivers can detect a hazard in a 
static image regardless of whether they consider it hazardous or not. For the Hazard 
Perception Test, young novices were slower than mid-age experienced drivers, consistent 
with differences in crash risk, and test performance correlated with scores in pre-existing 
hazard perception tests. For drivers aged 65 and over, scores on the Hazard Perception Test 
declined with age and correlated with both contrast sensitivity and a Useful Field of View 
measure. For the Hazard Change Detection Task, novices responded faster than the 
experienced drivers, contrary to crash risk trends, and test performance did not correlate with 
measures of overall hazard perception. However for drivers aged 65 and over, test 
performance declined with age and correlated with both hazard perception and Useful Field 
of View. Overall we concluded that there was support for the validity of the Hazard 
Perception Test for all ages but the Hazard Change Detection Task might only be appropriate 
for use with older drivers. 
 
 
Keywords: driving; anticipatory skill; hazard perception; older adults; useful field of view   
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1. Introduction 
 Drivers’ hazard perception has been defined as the ability to anticipate dangerous 
situations on the road ahead (Horswill & McKenna, 2004). It is one skill which (in contrast to 
other skills specific to the driving context such as vehicle control) has been found to be 
associated with crash risk in a number of studies (Darby et al., 2009; McKenna & Horswill, 
1999; Quimby et al., 1986; Wells et al., 2008). Measures of drivers’ hazard perception 
typically involve presenting individuals with videotaped road scenes filmed from the driver’s 
perspective. While watching the scenes, the driver is instructed to respond as soon as they 
anticipate a potential hazard. The average time taken to respond to these potential hazards is 
used as a measure of the driver’s hazard perception skill. 
 Hazard perception, even when operationalized in this simplified way (in the sense that 
drivers are not actually driving during such tests and the response mode is artificial), is a 
complex skill with a number of different embedded components. For example, one could 
divide up the process as follows: (1) the driver must register the existence of the potentially 
hazardous event, (2) the driver must then make a judgement regarding whether the trajectory 
of either the potential hazard and/or their own car has the potential to cause a conflict, and (3) 
the driver must then classify the event as to whether it warrants a response (or, to put it 
another way, they must decide whether a conflict is likely enough for the event to be 
described as a hazard). Each step in this process is dependent on the steps preceding it. If the 
driver is even not aware of the potentially hazardous event then they will be not be making 
judgements regarding interception trajectories. If they are aware of the event but are unable to 
judge interception trajectories appropriately then their ability to decide whether an event is a 
hazard or not will be compromised. Some drivers may be aware of the potentially hazardous 
event, able to make reasonable judgements about interception trajectories, but may have 
differing thresholds for whether/when they classify the event as hazardous or not (for 
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instance, some people may tolerate narrower safety margins than others). In the traditional 
hazard perception test, as described above, these different components could all influence a 
driver’s response time. 
 Different groups of drivers have different hazard perception response times. For 
example, Quimby and Watts (1981) report data across the age span indicating hazard 
perception response times are slower for drivers aged under 25 but then become faster with 
experience and age until drivers are between 45-54 years old. These findings are consistent 
with other evidence that young novice drivers are slower than experienced drivers at hazard 
perception (Horswill et al., 2008; McKenna & Crick, 1991; Smith et al, 2009; Wallis & 
Horswill, 2007). For older age bands, Quimby and Watts found that hazard perception 
response times become slower again, such that those aged 55-64 years were found to have 
similar mean response times to those in the under 25 year old age group. Those who were 
older than 65 were slower still. This trend is partially consistent with data from Horswill et al. 
(2009), who report that, for a sample of healthy drivers, those aged 75-84 were significantly 
slower at hazard perception than groups (matched on variables unlikely to change with age, 
namely gender, education, and vocabulary) aged 65-74 and 35-55, who did not differ. While 
the drop-off in hazard response times appeared to occur at a later age than reported by 
Quimby and Watts (1981), Horswill and colleagues argued that this may be because Quimby 
and Watts did not match their age groups and their sample may also have included 
individuals with age-related pathologies that could affect hazard perception. These age-
related trends indicate that there is value in ensuring hazard perception measures are 
appropriate for all ages of drivers. 
 In this paper, we describe the development of a hazard perception testing package 
involving two measures: (1) a measure of hazard perception, independent of motion or hazard 
classification judgements and (2) a more traditional measure of hazard perception in which 
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all the steps described above might affect response times. Such a package could be a first step 
in uncoupling the different processes involved in hazard perception. The proposed testing 
package is an extension of the methods used by Marrington, Horswill, and Wood (2008) in a 
study examining the impact of simulated cataracts on hazard perception. They used a change 
perception flicker paradigm task (Rensink et al., 1997), to measure hazard detection (Hazard 
Change Detection Task) together with a more traditional test of hazard perception (Hazard 
Perception Test). 
 The Hazard Change Detection Task involved trials in which participants viewed two 
sequentially-alternating images of the same hazardous traffic scene, where the traffic hazard 
digitally deleted from one image. A mask (a blank grey screen) was inserted between 
presentations of the image. Participants were required to identify the difference between the 
scenes as fast as possible by clicking on its location with the computer mouse. This paradigm 
was chosen because participants’ responses would be independent of motion judgements (the 
stimuli involve static photographs) and hazard classification (participants were simply 
required to identify the location of the change and not whether or not the change was a 
hazard). In such tasks, individuals must be paying attention to the location of the change as 
well as having the change within foveal vision in order to be able to detect it (Rensink, et al., 
1997). More relevant changes are easier to detect (Rensink, et al., 1997) and the decision of 
what is relevant in a picture is likely to be speeded by domain-specific expertise (Werner & 
Thies, 2000). In the context of hazard perception, this means that drivers who are better at 
hazard perception might be expected to identify a hazard-related change more quickly. The 
flicker paradigm has been used to assess visual attention during driving in other studies 
(Galpin et al., 2009; Hoffman et al., 2005; McCarley et al., 2004) although the changes to the 
stimuli used in these studies included the colour, size, orientation, location, or presence of 
objects in the scene (which varied in their relevance to the driving task). In contrast, the 
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Hazard Change Detection Task only included changes that involved the presence or absence 
of potentially hazardous road users that mapped onto the type of traffic conflicts encountered 
in the corresponding Hazard Perception Test. 
 Marrington et al. (2008) also used a more traditional hazard perception test which 
used a computer mouse response, based on work by McGowan and Banbury (2004). One 
problem with previous hazard perception tests is that they typically involve the participant 
making only a temporal response such as pressing a button, while the spatial location of the 
response is not measured. This could lead to ambiguity in what the participant is responding 
to. To address this, McGowan and Banbury (2004) developed a test that required participants 
to click on the potential hazard using a computer mouse, yielding temporal and spatial data 
about their response, and hence reducing ambiguity as to the target of the response. The 
version of this test used by Marrington et al. (2008) was found to yield novice/experienced 
differences by Smith et al. (2009), giving some indication of its validity. 
 The tests used by Marrington et al. (2008) had two key drawbacks. The first was that 
little validation evidence was provided to support the assumption that the Hazard Change 
Detection task mapped onto real driving. The second was that a computer mouse response 
was required, which would make their tasks problematic for individuals with low computer 
literacy, such as older adults (Gagliardi et al., 2008). As older adults have been found to have 
greater difficult learning to use a computer mouse compared with younger adults (Kelley & 
Charness, 1995; Smith et al., 1999),we attempted to address this issue in the new tests by 
using a touch-screen response mode instead. Note that while touch-screens have been used in 
other hazard perception tests (Hull & Christie, 1992), they have not previously been used to 
obtain location-based responses. 
 As our hazard perception test package was specifically created for research involving 
drivers in the Australian Central Territory (ACT), our test stimuli involved traffic footage 
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filmed in the ACT. This gave us the opportunity to examine the generalizability of hazard 
perception skills. Our previous work (Horswill et al., 2008; Horswill et al., 2009; Marrington 
et al., 2008; Smith et al., 2009; Wallis & Horswill, 2007) has involved recruiting participants 
from the same locale that featured in the road footage used in the tests. We chose this strategy 
because older drivers in particular might have problems with unfamiliar locations. One could 
argue that presenting unfamiliar locations to older drivers is an inappropriate test of their real 
world driving performance if they restricted their real world driving to exclusively familiar 
locations. However this approach raises the question of whether the previously-found 
novice/experience differences in hazard perception (Horswill et al., 2008; Smith et al., 2009; 
Wallis & Horswill, 2007) reflect familiarity with particular locations instead of representing 
improvement in generalized hazard perception skill. To test this idea, we recruited 
participants from the Brisbane area to test the new ACT footage, on the assumption that they 
were unlikely to be familiar with the locations shown. If novice/experienced differences still 
emerged, then they are unlikely to be a result of the experienced drivers’ greater familiarity 
with the specific locations depicted in the test. 
 
2. Study 1 
 We created an ACT-based Hazard Change Detection Task and Hazard Perception 
Test and assessed their validity using a number of approaches. First, we compared young 
novice drivers with mid-age experienced drivers. In accordance with previous work 
(McKenna & Crick, 1991; Horswill et al., 2008; Smith et al., 2009), we predicted that the 
young novice drivers (a high crash risk group) would be slower at responding to hazards than 
mid-age experienced drivers (a lower crash risk group). Second, we examined correlations 
between the new tests and two pre-existing hazard perception tests: a test filmed in and 
around Brisbane (Queensland, Australia), in locations likely to be familiar to participants 
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(QLD hazard perception test: Smith et al., 2009); and a test using United Kingdom footage 
(UK hazard perception test: McKenna & Crick, 1991; Horswill & Helman, 2003), which has 
previously been found to correlate with crash risk (McKenna & Horswill, 1999). Note that we 
did not investigate crash risk directly in the present study because we did not have the 
resources to test the substantial sample sizes typically required (see Horswill & McKenna, 
2004, for a discussion). 
 Given that we described the Hazard Change Detection Task as measuring a sub-
component (namely hazard detection) of overall hazard perception skill (as measured by the 
Hazard Perception Test), we also predicted that we would find a correlation between 
performance on the two tests. 
 
2.1. Method 
2.1.1. Participants 
 Forty-eight drivers, with normal or corrected-to-normal vision (based on self-report), 
were recruited from around the Brisbane (Queensland, Australia) area (mainly from a 
university population) via a participant pool and advertisements. Half of the participants were 
classified as novice drivers (less than 3 years driving experience) and half were experienced 
drivers (10 or more years of driving experience). The novice driver group (n = 24; 5 males, 
19 females) had a mean age of 21.25 years (SD = 4.17; range 18 to 35), an average mileage of 
7267.29 km per year over the previous three years (SD = 7449.03). The experienced driver 
group (n = 24; 11 males, 13 females) had a mean age of 40.58 years (SD = 9.34; range 28 to 
58), and an average mileage of 13043.33 km per year over the previous three years (SD = 
9068.60). Participants were paid 20 AUD for their participation. 
2.1.2. Materials 
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 All tests were displayed on a 3M Microtouch M150 15” LCD touch-screen connected 
to a personal computer running custom software. The footage for the two new ACT tests was 
filmed using a Sony HDR-FX1 HDV Handycam Camcorder attached via a suction cup to the 
inside of a car’s windscreen and positioned to give a view that approximated the driver’s 
perspective of the traffic ahead. The camera car was driven around urban and highway areas 
of the ACT, and any potential traffic conflicts with other road users that occurred were 
indexed for possible use in the tests (all the conflicts captured were genuine unstaged events 
that occurred during normal driving). We defined traffic conflicts as incidents in which the 
camera car would collide with another road user (including moving or stationary vehicles, 
cyclists, and pedestrians) unless the driver took action, such as braking or steering.  
 2.1.2.1. ACT Hazard Perception Test. Participants were shown a series of video clips 
of traffic conflicts taken from the traffic footage. They were told that their task was to 
anticipate potential traffic conflicts before they occurred by touching the location of the 
relevant road user on the screen. It was emphasized that they were expected to respond before 
the driver needed to take evasive action. The traffic conflicts were chosen to have sufficient 
preceding cues to allow early anticipation while eventually developing into events that nearly 
all participants would be expected to respond to. In one example (see Figure 1), the camera 
car was following two cars. The lead car of the group was approaching a turn, and started 
signalling its intention to turn left. The flashing signal was visible for a number of seconds 
before the car following (directly ahead of the camera car) had to slow to avoid a collision 
with the lead car. The camera car then had to slow to avoid a collision with the car directly in 
front as a result of the lead car making the turn. A delay of a number of seconds was present 
between the first appearance of the signal on the leading car and the brake lights on the 
following car. If the participant was looking far enough down the road to notice the signal, 
then they could anticipate that a conflict was about to occur and they could respond early. If, 
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however, they failed to notice this cue then they might only respond when the car 
immediately in front of them braked and the conflict became obvious.  
_____________________________ 
INSERT FIGURE 1 ABOUT HERE 
_____________________________ 
 
Participants’ response times were recorded, measured from the first possible moment 
that the traffic conflict was detectable. If the participant touched the screen within the given 
time window but did not touch the relevant road user, this was not recorded as a response to 
the conflict. The 27 minute test consisted of 68 measured traffic conflicts. 
 2.1.2.2. ACT Hazard Change Detection Task. The ACT Hazard Change Detection 
Task consisted of 64 pairs of images made from screen captures of the traffic footage. The 
pairs of images were identical to one another except for the presence or absence of a road 
user that represented a potential traffic conflict (see Figure 2 for an example).  
_____________________________ 
INSERT FIGURE 2 ABOUT HERE 
_____________________________ 
This potential was indicated either by the road user’s position relative to the driver’s 
vehicle (e.g. a car waiting to turn out of a side road) or by a visual cue that indicated 
behaviour relevant to hazard prediction (e.g. brake lights showing). The road user was erased 
from the original image using image manipulation software. The two images were displayed 
alternately for 480 ms, each separated by a 320 ms mask (blank grey screen). The images 
continued to alternate for up to 32 seconds if participants did not respond. Participants were 
told that their task was to spot the difference between the two images. They were informed 
that, “In one of the pictures, a traffic hazard has been removed (for example, a car, a 
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pedestrian, a car door, a cyclist, or another road user).” They were instructed to touch the 
screen at the location where the images differed. Each trial finished either when the 
participant responded in the correct location or the maximum duration of the sequence was 
reached (a response in the incorrect location had no effect). Responses were inspected to 
ensure that no participant attempted to cheat the test by pressing multiple times all over the 
screen. 
 2.1.2.3. QLD Hazard Perception Test. The QLD Hazard Perception Test was 17 
minutes in duration and contained 55 measured hazards within 34 video clips (Marrington et 
al., 2008; Smith et al., 2009). Note that participants completed this test using the touch-screen 
rather than the computer mouse used in the previous studies, so that we could compare 
responses on the basis of the content of the stimuli rather than the response mode.  
 2.1.2.4. UK Hazard Perception Test. The UK Hazard Perception Test (Horswill & 
Helman, 2003; McKenna & Crick, 1994; McKenna & Horswill, 1999) consisted of a practice 
section (1.5 minutes) with three video clips featuring two hazards and a main test (3.5 
minutes) with nine clips featuring eight hazards. The footage for the test was filmed on UK 
roads. This test required a button response and, in the present study, participants were 
instructed to use a computer mouse as the response button. As the spatial location of 
responses was not recorded for this test, participants were advised to hold the mouse in their 
lap. Participants were instructed to click the button as soon as they anticipated a potentially 
dangerous situation that could lead to an accident. 
 2.1.2.5. Spatial Touch Response Time Test. This test was used to control for the effect 
of response mode and simple reaction time on the other measures. Using the touch-screen, 
participants viewed a light grey background on which black rectangles of varying sizes 
appeared individually for a duration of two seconds. The rectangles appeared at random 
positions on the screen, with a randomised time delay between consecutive rectangles of five 
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to eight seconds. Participants were instructed to touch each of the rectangles as soon as they 
appeared. A total of 15 rectangles were displayed during the 1.5 minute test. 
2.1.2. Procedure 
 After giving informed consent, participants completed a demographic questionnaire. 
They were then asked to seat themselves in front of the touch-screen so the screen was in 
easy reach (the viewing distance was approximately 45 centimetres). After a short 
familiarisation with the touch-screen, participants completed the Spatial Touch Response 
Time Test. The order of subsequent tests was counterbalanced within the novice/experienced 
driver groups. All participants then completed the UK Hazard Perception test, the QLD 
Hazard Perception Test, the ACT Hazard Perception Test, and the ACT Hazard Change 
Detection Task. All test instructions were provided via text displayed on screen before each 
test. The testing session took approximately 80 minutes in total. 
2.2. Results 
 In the ACT Hazard Change Detection Task, participants failed to respond to 0.33% of 
the trials and, in the ACT Hazard Perception Test, participants did not respond to 14.34% of 
the traffic conflicts (note that both tests were specifically designed as response time measures 
rather than hit rate measures because of the potential ambiguity of interpreting null 
responses). For the purposes of calculating internal consistency, we used the conservative 
strategy of inserting trial means for each null response. The internal consistency (Cronbach’s 
α) was .80 (64 items) for the ACT Hazard Change Detection Task and .95 (68 items) for the 
ACT Hazard Perception Test. 
 Overall response times for the tests were calculated by converting individual trial 
scores into z-scores using the mean and SD for each trial and then averaging these values. 
This process was used because the trials varied in length and/or content and without 
standardization, some trials might have a greater influence on the final mean score than 
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others. The overall z score obtained was then converted back to an overall response time 
score (measured in seconds) using the mean and SD of the overall raw score for the 
respective tests. Square root (ACT Hazard Perception Test), inverse (ACT Hazard Change 
Detection Task and Spatial Touch Response Time Test), and cubic transformations (UK 
Hazard Perception Test) were used to normalize the distributions of the overall test scores. 
 To test whether novices were faster than experienced drivers in each test, ANCOVAs 
were conducted using performance on the Spatial Touch Response Time test as a covariate. 
Novices were found to have slower responses than experienced drivers on the ACT Hazard 
Perception Test (novices: M = 5.98 seconds, SD = 1.14; experienced: M =5.14 seconds, SD = 
.76; F(1,45) = 7.48, p = .009, ηp
2
 = .14). The effect was in the opposite direction for the ACT 
Hazard Change Detection Task, with novices having faster responses than experienced 
drivers (novices: M = 4.20 seconds, SD = .69; experienced: M = 4.59 seconds, SD = .65; 
F(1,45) = 4.48, p = .04, ηp
2
 = .09). 
 Performance on the ACT Hazard Perception Test and ACT Hazard Change Detection 
Task was compared to performance on the two established tests by conducting partial 
correlations controlling for Spatial Touch Response Time. Performance on the ACT Hazard 
Perception Test was correlated with performance on the QLD Hazard Perception Test, r (45) 
= .82, p < .001; and performance on the UK Hazard Perception Test, r (45) = .46, p = .001. 
Performance on the ACT Hazard Change Detection Task was not correlated with 
performance on either of the established tests (QLD test: r (45) = .28, p = .143; UK test: r 
(45) = .04, p = .77) nor with performance on the ACT Hazard Perception Test, r (45) = .02, p 
= .914. 
 In order to test the idea that hazard perception skill generalizes to unfamiliar 
locations, we compared novice and experienced drivers on the UK hazard perception test and 
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found that the experienced drivers in our Australian sample were faster than the novices, 
F(1,45) = 8.96, p = .004, ηp
2
 = .17 (controlling for Spatial Touch Response Time). 
2.3. Discussion 
 Consistent with differences in crash risk, mean response latencies in the ACT Hazard 
Perception Test were significantly slower for young novice drivers than mid-age experienced 
drivers. Response latencies in the test also correlated with performance in Queensland-based 
and a UK-based hazard perception tests. These results provide support for the validity of the 
ACT Hazard Perception Test and also indicate that previous novice-experienced differences 
are unlikely to be a result of location familiarity. While it is possible that some of the 
participants were familiar with the ACT locations (we did not ask participants whether they 
recognized the locations presented in the tests), it is unlikely that this could have created the 
large novice/experience effect size found. We also found that this effect generalized to the 
UK test, which contained locations even more unlikely to be familiar to our Australian 
sample. This is consistent with the idea that experienced drivers attain generalized hazard 
perception and hazard detection skills that yield benefits even in unfamiliar locations. 
 For the ACT Hazard Change Detection Task, novice/experienced differences were in 
the opposite direction to that predicted, which novices being faster at detecting the hazardous 
road users than experienced drivers. These results suggest that, at least for these age groups, 
the Hazard Change Detection Task might be an inappropriate measure of driving safety given 
the problems that novices are known to have with fixating hazards (Pradhan et al., 2005). In 
addition, the Hazard Change Detection Task response times did not correlate with any of the 
hazard perception tests suggesting that none of the variance in the hazard perception test 
scores could be accounted for the Hazard Change Detection Task data. This is not consistent 
with the idea that the Hazard Change Detection Task is measuring a key component of hazard 
perception (namely hazard detection). Note that this is at odds with the results of Marrington 
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et al. (2008) who did find a correlation between their hazard perception and change detection 
tests. One possible explanation for this discrepancy is that hazard detection only becomes a 
significant predictor of hazard perception when there is heterogeneity in participants’ level of 
vision. In the present sample, participants reported no visual problems whereas in the 
Marrington et al. sample, two-thirds of the sample had simulated cataracts of different levels 
of severity. This raises the possibility that even if the Hazard Change Detection Task is not an 
appropriate measure of driving for younger drivers, it may nonetheless be of value when 
assessing older drivers, for whom aspects of visual performance are likely to be more 
heterogeneous and are known to be predict traffic safety. 
 
3. Study 2 
 One of the aims of developing the new test package was to create instruments that 
were appropriate for older drivers (unlike previous tests that rely on computer mouse 
responses, Marrington et al., 2008; Smith et al., 2009) and yet allowed participants to indicate 
the location of targets (unlike previous button-based tests, when participants could only 
indicate when and not where an incident occurred, Horswill et al., 2008; Horswill et al., 2009; 
McKenna & Crick, 1991).  
 In Study 2, we examined the validity of the ACT Change Detection Task and the ACT 
Hazard Perception Test on a sample of drivers aged 65 and over. If our tests were valid for 
this age group then we would predict: (1) that test performance would correlate with 
performance on a pre-existing hazard perception test, (2) that there would be a correlation 
between age and performance (worse performance with increasing age), mapping onto 
previous findings (Horswill et al., 2008), and (3) that test performance would correlate with 
cognitive/vision measures that have been found to relate to crash risk, driving performance, 
and hazard perception. Tests of Useful Field of View involve participants attempting to detect 
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peripherally presented targets while attending to a central stimulus. They have been found to 
correlate with on-road performance (De Raedt & Ponjaert-Kristoffersen, 2000), closed-road 
performance (Wood, 2002; Wood & Troutbeck, 1994, hazard perception (Horswill et al., 
2008) and crash risk (De Raedt & Ponjaert-Kristoffersen, 2000; Goode et al., 1998; Owsley 
et al.,  1991; Owsley et al., 1998; Sims et al., 2000). Contrast sensitivity has likewise been 
found to correlate with on-road driving performance (McKnight & McKnight, 1999), closed-
road driving performance (Wood, 2002; Wood & Carberry, 2006), hazard perception 
(Horswill et al., 2008), and crash risk (Owsley et al., 1991). We also examined the correlation 
between performance on the hazard perception tests and the ACT Hazard Change Detection 
Task. 
3.1. Method 
3.1.1. Participants 
 Participants who took part in a previous study on hazard perception (Horswill et al., 
2008) were invited to take part in the present study. In the original study, 118 participants 
completed a previous version of the QLD test described in Study 1 (this used a simple button 
response rather than a computer mouse response, so participants could not indicate the 
location of the traffic conflicts) together with a battery of cognitive and vision tests. Forty-
four of the original participants were available to take part in a follow up testing session for 
the present study. They were aged 65 years and over (with a minimum of 10 years driving 
experience).  
 There was an average of 753 days between the original and follow up testing sessions 
(range was 473 to 1045 days). Four participants were excluded from the final analysis: one 
due to not receiving the practice items for one test, another for failing to understand the test 
instructions, and two for having responded to fewer than 50% of the hazards in the ACT 
Hazard Perception Test (raising the possibility that they failed to understand the instructions). 
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Of the remaining 40 participants, there were 17 females and 23 males, with ages ranging 
from 65 to 84 years (M = 73.70, SD = 5.85). All participants were currently licensed drivers 
living in suburban retirement communities or private residences and they were not paid to 
participate. 
3.1.2. Materials 
 In the original testing session (Horswill et al., 2008), the QLD Hazard Perception Test 
and the Useful Field of View test (UFOV) were presented using a Sony VPL-CS5 data 
projector. The UFOV used was developed by Wood and Troutbeck (1995) and was 
completed without visual distracters (this version of the test was the one found to correlate 
with hazard perception in the study by Horswill et al., 2008). Binocular letter contrast 
sensitivity was tested using the Pelli-Robson Letter Sensitivity chart (Pelli et al., 1988). All 
tests for the follow up testing session were displayed on a 3M Microtouch M150 15” LCD 
touch-screen connected to a personal computer running response recording software. 
3.1.3. Procedure 
 In the original study (Horswill et al., 2008), participants completed a button version of 
the QLD Hazard Perception Test, a Useful Field of View test (Wood & Troutbeck, 1995), 
and the Pelli-Robson contrast sensitivity test (Pelli et al., 1988), as well as other measures not 
included in the present analysis (for full details of methods and procedure see Study Two in 
Horswill et al., 2008). 
 For the follow up study, testing of participants was conducted either at the 
participant’s residence or at the university. After giving consent, participants completed a 
demographic questionnaire. Following a short familiarisation with the touch-screen, 
participants completed the Spatial Touch Response Time Test, followed by the ACT Hazard 
Perception Test and the ACT Hazard Change Detection task, all as described in Study 1. Note 
that following the concerns raised in Study 1 about the possible effect of completing the 
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Change Detection tasks before the Hazard Perception test (the change detection task provided 
feedback on performance while the hazard perception test does not), these tests were not 
counterbalanced.  
3.2. Results 
In the ACT Hazard Change Detection Task, participants failed to respond to 3.46% of 
the trials and, in the ACT Hazard Perception Test, participants did not respond to 18.36% of 
the traffic conflicts. Internal consistency (Cronbach’s α) was .85 for the ACT Hazard Change 
Detection Task and .92 for the ACT Hazard Perception Test. Logarithmic (ACT Hazard 
Perception Test and ACT Hazard Change Detection Task), inverse (Spatial Touch Response 
Time Test), and cubic transformations (Useful Field Of View) were used to normalize the 
distributions of the variable where required. The raw mean response time was 5.70 seconds 
(SD = .94) for the ACT Hazard Perception Test and was 7.08 seconds (SD = 1.39) on the 
ACT Hazard Change Detection Task.  
 The ACT Hazard Perception test correlated significantly with the QLD Hazard 
Perception Test, r (37) = .58, p < .001, age (older drivers were slower at responding), r (37) = 
.40, p = .012, UFOV (worse UFOV mapped onto slower hazard perception), r (37) = -.33, p = 
.04, and contrast sensitivity (worse contrast sensitivity related to slower hazard perception), r 
(37) = -.39, p = .014. Note that the effect of Spatial Touch Response Time was partialled out 
of all these correlations (and all those subsequently reported). 
The ACT Hazard Change Detection task correlated significantly with the ACT 
Hazard Perception Test, r (37) = .32, p = .048; age (older drivers were slower at responding), 
r (37) = .41, p = .01; UFOV (worse UFOV mapped onto slower hazard perception), r (37) = -
.46, p = .003; and there was a marginal correlation with contrast sensitivity (worse contrast 
sensitivity related to slower hazard perception), r (37) = -.28, p = .09, but no correlation with 
the QLD Hazard Perception Test, r (37) = .04, p = .82.  
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3.3. Discussion 
 The hypotheses relating to the validity of both new tests received general support. 
Performance on both new tests became slower with increasing age as well as mapping onto 
UFOV as predicted. The ACT Hazard Perception Test correlated with the QLD Hazard 
Perception Test and contrast sensitivity. The ACT Hazard Change Detection Test was 
marginally correlated with contrast sensitivity  
 Unlike Study 1, there was a significant correlation between the ACT Hazard Change 
Detection task and the ACT Hazard Perception test. This indicates that, for the older sample, 
hazard detection ability can account for a significant proportion of the variance in drivers’ 
hazard perception. However, the ACT Hazard Change Detection task did not correlate with 
the QLD Hazard Perception Test so the support for this position is not unequivocal. 
 It is worth noting that the length of time between testing sessions may have added 
noise to the data given that individuals may have experienced changes in the variables under 
consideration during that time. However, any such effects would favour the null hypotheses 
for this study (and could potentially account for the lack of correlation between the QLD 
hazard perception test and the ACT Hazard Change Detection Task). 
 
4. General Discussion 
 Although hazard perception in driving has been found to predict crash risk in 
prospective studies (Wells et al., 2008), there is still considerable mystery regarding the 
actual processes involved. One approach to picking apart these processes is to design tests 
that focus on separate components of this skill. We have developed and validated a hazard 
perception testing package that makes an attempt to do this, which comprises of a test of 
overall hazard perception skill (the ACT Hazard Perception Test) and a complementary test 
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of hazard detection which is independent of motion and hazard classification judgements (the 
ACT Hazard Change Detection task). 
 We found that our hypotheses regarding the validity of the ACT Hazard Perception 
Test were supported in both studies, suggesting that it is an appropriate test to use across all 
ages of drivers. We found (1) young novice drivers were slower to respond to hazards than 
mid-age experienced drivers, consistent with differences in crash risk, (2) test performance 
declined with age in the over 65 sample, consistent with changes in crash risk, (3) test 
performance in drivers aged over 65 correlated with measures known to be related to crash 
risk in this age group, and (4) test performance correlated with performance in other hazard 
perception tests for both the younger and older samples. A key advantage of the ACT Hazard 
Perception Test over previous tests was the use of a touchscreen response mode. This meant 
that we could be more certain about what aspect of the stimuli participants were responding 
to (compared with tests using button-press response modes) without disadvantaging drivers 
with low computer-literacy (unlike tests using computer mouse as the response mode). 
 Our data suggested that the ACT Hazard Change Detection Task is not appropriate for 
younger drivers, in that novices were faster at detecting the hazards than experienced drivers 
and test performance did not correlate with any of the hazard perception tests in Study 1. That 
is, scores were not consistent with group differences in crash risk and did not account for any 
variance in overall hazard perception ability (the latter is problematic as the Change 
Detection Task was supposed to be measuring a sub-component of overall hazard 
perception). Our conclusion is that researchers need to be cautious when using this type of 
measure to assess driving performance in younger samples. However we did find evidence 
suggesting that the test was appropriate for drivers aged over 65, in that response times 
slowed with age, consistent with age-related changes in crash risk, and test performance 
could account for variance in the ACT Hazard Perception Test scores and a Useful Field of 
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View measure (with a marginal relationship with contrast sensitivity). This indicates that the 
Hazard Change Detection Task might be valuable for investigating the hazard perception 
ability of older drivers. 
 One theoretical issue we raised was whether the novice/experienced differences found 
in some previous studies (Horswill et al., 2008; Smith et al., 2009; Wallis & Horswill, 2007) 
could be a function of location familiarity. In Study 1, we found that the novice/experienced 
differences were also found when participants were presented with locations that were 
unlikely to be familiar to them (Queensland residents were presented with footage filmed in 
the Australian Central Territory and in the UK). This suggests that the novice/experienced 
difference represents a generalized hazard perception ability rather than a familiarity with 
specific locations. It also indicates that, when testing hazard perception, it is not crucial to 
present participants with footage of roads likely to be familiar to them. This has practical 
advantages: filming and validating footage for hazard perception tests is not trivial and so it is 
worth knowing that we do not necessarily have to refilm our stimuli every time we want to 
test individuals in a new location. 
 Consistent with the findings of Quimby and Watts (1981), our data indicate that 
hazard perception is slower on average among novice and older drivers than mid-age 
experienced drivers (though note that direct comparisons in response times between Study 1 
and 2 should be made with caution because of the different testing orders) and it is worth 
noting that crash risk also follows a U-shaped distribution across the life span (Hole, 2007). It 
is likely that the mechanisms underlying this slowing are quite different at either end of the 
age range. For instance, it has been argued that young drivers are poor at hazard perception 
because they lack experience (Horswill & McKenna, 2004) and have less effective strategies 
for searching for and classifying hazards than more experienced drivers. On the other hand, 
the drivers over the age of 65 are unlikely to be lacking in experience. Instead, the evidence 
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suggests that their hazard perception response times are slower because of age-related 
declines in vision, cognition, and simple reaction time (Horswill et al., 2008). 
 One way to take advantage of our approach to compartmentalizing hazard perception 
would be to partition the variance using multivariate techniques such as Structural Equation 
Modelling. Combined with a battery of cognitive and visual measures, this could be used to 
test alternative hypotheses relating to which aspects of vision or cognition mediate hazard 
change detection and hazard perception separately. For example, it could be hypothesized 
that for older adults, various cognitive and vision factors could affect hazard change detection 
which in turn affects overall hazard perception. One possible hypothesis is that hazard 
detection can completely mediate the effects of individual differences in vision and cognition 
on overall hazard perception for older drivers. If this is the case then interventions that focus 
on hazard detection (for example, by improving search strategies) could be the most efficient 
for this age group. If the hypothesis is not supported then interventions focussing on aspects 
such as speed perception might also be useful. Note that there is evidence that older adults 
can benefit from general hazard perception training (Horswill et al., in press). These 
hypotheses cannot be tested in the present study due to the small sample sizes. However we 
currently have a larger scale study underway involving older adults completing the ACT 
Hazard Change Detection and the ACT Hazard Perception Test together with a battery of 
cognitive and vision tests that is designed to address these issues. 
 The ACT Hazard Perception Test and ACT Hazard Change Detection Task may also 
prove useful in assessing older adults’ fitness to drive. For instance, we know that older 
adults have particular problems with novel tasks (Salthouse & Somberg, 1982) and hence it is 
possible to argue that typical neuropsychological assessments involving novel abstract stimuli 
may underestimate their driving ability given that driving is a task that is neither novel nor 
abstract. The video-based tests developed in this test partially avoid this problem by 
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presenting participants with genuine road situations. However, further work to determine 
whether hazard perception can predict crash risk or on-road driving performance in this age 
group would be needed. 
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Figure Legends 
Figure 1. A sequence of screen captures from the ACT Hazard Perception Test showing an 
example of a potential traffic conflict (vehicles shown appear closer than they actually are in 
the test due to the images being cropped). 
  
Figure 2. A pair of stimuli from the ACT Hazard Change Detection Task, where participants 
view the images presented in an alternating sequence. The picture on the left is unchanged, 
the picture on the right has a pedestrian deleted. 
 
